A vast amount of future climate scenario datasets, created by climate models such as general circulation models (GCMs), have been used in conjunction with watershed models to project future climate variability impact on hydrological processes and water quality. However, these low spatial-temporal resolution datasets are often difficult to downscale spatially and disaggregate temporarily, and they may not be accurate for local watersheds (i.e., state level or smaller watersheds). This study applied the US-EPA (Environmental Protection Agency)'s Climate Assessment Tool (CAT) to create future climate variability scenarios based on historical measured data for local watersheds. As a case demonstration, CAT was employed in conjunction with HSPF (Hydrological Simulation Program-FORTRAN) model to assess the impacts of the potential future extreme rainfall events and air temperature increases upon nitrate-nitrogen (NO 3 -N) and orthophosphate (PO 4 ) loads in the Lower Yazoo River Watershed (LYRW), a local watershed in Mississippi, USA. Results showed that the 10 and 20% increases in rainfall rate, respectively, increased NO 3 -N load by 9.1 and 18% and PO 4 load by 12 and 24% over a 10-year simulation period. In contrast, simultaneous increases in air temperature by 1.0°C and rainfall rate by 10% as well as air temperature by 2.0°C and rainfall rate by 20% increased NO 3 -N load by 12% and 20%, and PO 4 load by 14 and 26%, respectively. A summer extreme rainfall scenario was created if a 10% increase in rainfall rate increased the total volume of rainwater for that summer by 10% or more. When this event occurred, it could increase the monthly loads of NO 3 -N and PO 4 , by 31 and 41%, respectively, for that summer. Therefore, the extreme rainfall events had tremendous impacts on the NO 3 -N and PO 4 loads. It is apparent that CAT is a flexible and useful tool to modify historical rainfall and air temperature data to predict climate variability impacts on water quality for local watersheds.
Introduction
Since last century, increasing climate variability has resulted in modifications of intensity, frequency, duration, and timing of extreme weather events (IPCC, 2012) . In addition to increasing air temperature, such change has caused variations in amount, intensity, and distribution of precipitations along with increasing frequency of extreme events such as floods and droughts (Praskievicz and Chang, 2009; IPCC, 2012; Wasko and Sharma, 2015) . This has been observed in many areas around the world (Lecce, 2000; Bates et al., 2008; Labat, 2008; Peterson et al., 2013; Casanueva et al., 2014; Verma et al., 2015; Wasko et al., 2017) . Tank et al. (2009) argued that air temperature is expected to increase 1.1-6.4°C in 2100 as compared to that in 1900. These authors also speculated that each of the past three decades has been successively warmer than any previous decades based on historical weather records and the decade of the 2000s is the warmest. Bates et al. (2008) stated that very dry land area has been doubled in some parts of the world, while heavy rainfall has been increased in other parts of the world since 1970s. It is a general consensus that increasing climate variability has discernible effects on agricultural, industrial, environmental, and ecological systems at both global and regional scales (IPCC, 2012) .
Hydrological processes and surface water quality are vulnerable to climate change through its impact on evapotranspiration, surface runoff, stream flow, water yield, soil erosion, and nutrient loss. Estimate of hydrological processes and surface water quality is central to water resource management, clean water supply, environmental protection, and ecological restoration (Ouyang et al., 2015; Parajuli et al., 2016) . To mitigate future climate variability impacts on hydrological processes and water quality, water resource managers and decision makers must be able to assess potential threats and propose practices to adapt the future climatic conditions. Currently, projecting changes in hydrologic cycles and water quality have generally been accomplished by using process-based watershed models in conjunction with future climate scenario datasets created with climate models including the general circulation models (GCMs), regional climate models (RCMs), and CMIP5 (Coupled Model Inter comparison Project Phase 5) (Chang et al., 2001; Verma et al., 2015; Wang et al., 2016; Alamdari, et al., 2017) . Chang et al. (2001) assessed the potential impact of climate change on stream flow and nutrient loading in six watersheds of the Susquehanna River Basin, Pennsylvania using the Generalized Watershed Loading Function with future climate datasets, i.e., air temperature and precipitation, from the GCMs. These authors found that mean annual stream flow and nutrient loads increased for most watersheds, but decreased in one watershed that was intensively cultivated, and nutrient load slightly decreased in April and late summer for several watersheds as a result of early snowmelt and increasing evapotranspiration. Shrestha et al. (2012) performed a modeling study on climate-induced changes in hydrologic and nutrient fluxes at the Lake Winnipeg watershed, Canada using SWAT (Soil and Water Assessment Tool) for a 21-year baseline and a 20-year (2042-2062) future period with climate data derived from the RCMs. These authors found that the simulated nutrient loads closely match the dynamics of the future runoff for both nitrogen and phosphorus. Alamdari et al. (2017) assessed the effects of future climate on water quantity and quality in an urban watershed using storm water management model (SWMM) with future precipitation and air temperature data from the RCMs for the period from 2041 to 2068. These authors learned that annual runoff volume would increase by 6.5%, while total suspended solids, total nitrogen, and total phosphorus would increase by 7.6%, 7.1%, and 8.1%, respectively.
More recently, Ajami et al. (2017) investigated the nature and frequency of non-stationary hydrological response over 166 anthropogenically unaffected catchments in Australia. These authors found that there are no changes to vegetation in certain type of catchments in a warmer climate, while there are significant changes in other types of catchments that are dominantly dependent on whether the catchments are water limited or nutrient limited. Wang et al. (2017) simulated the influence of sea level rise and warming on circulation and water quality of the Chesapeake Bay with projected climate conditions in 2050. They argued that with a 1.6-1.9°C increase in monthly air temperatures, water temperature in the Bay is estimated to increase by 0.8-1°C, and the summer average anoxic volume is estimated to increase by 1.4 percent. Li et al. (2011) predicted effects of temperature change on water discharge and sediment and nutrient loading in the lower Pearl River basin, China using the SWAT model. These authors found that sediment load increases by 13.58% when the air temperature increases by 3°C and the inorganic N and P inputs into the estuary have an increasing trend when the air temperature increases from −2°C to +3°C.
Although the above studies have provided invaluable insights into the direction to project the future hydrologic and water quality trends due to increasing climate variability, the limitations on using the climate scenario datasets created by GCMs, RCMs, and CMIP5 are: (1) They have low spatial resolution and are somewhat difficult to downscale for local watersheds (i.e., state level or smaller watersheds); (2) They are in low temporal resolution (e.g., monthly or annual time intervals) and are difficult to disaggregate into daily or hourly interval required by most watershed models; and (3) They are not flexible to
answer the "what-if" questions for local watersheds. In other words, while a vast amount of future climate datasets have become available in recent years from the GCMs, RCMs, and CMIP5, these datasets are at such a low spatial-temporal resolution that they may not be accurate and flexible to assess climate variability impacts on local watersheds. Wang et al. (2016) reported that these climate scenario datasets have inaccurate spatial information (for example, reported to the nearest minute), which are particularly problematic in steep mountainous terrain, where a medium-resolution grid cell would still span climate environments with several hundred meters difference in elevation. Mohammed et al. (2015) found that most of CMIP5 datasets fail to capture both the trends and variability observed in historical precipitation for a watershed with a drainage area of 360 km 2 in the Winooski Basin (HUC 02010003), which is a multi-state and bi-national basin (Vermont, New York, and Québec). Additionally, these climate datasets do not have flexibility to answer the "what-if" questions for local watersheds, which are fundamental to the state and local water resource managers and stakeholders. For example, state and local water resource managers would like to know what will happen to stream flow and surface water availability for a given local watershed if the extreme precipitation events (e.g., very dry summers and wet winters) occur in the next 10 years so that they can implement practices to adapt for the changing climatic conditions. With the pre-set climate scenario data from the GCMs, RCMs, and CMIP5, these "what-if" questions are difficult to answer. Therefore, an alternative approach is needed to circumvent these obstacles. To this end, the US-EPA Climate Assessment Tool (CAT) is chosen in this study. CAT was included in the BASINS (Better Assessment Science Integrating Point and Nonpoint Sources) modeling system in 2007 to increase the ability for using BASINS to perform watershed studies as affected by climate change (US-EPA, 2009). CAT can be used to easily create climate change scenarios and to quickly answer a wide range of "what if" questions on how weather and climate could affect hydrological processes and water quality using the HSPF (Hydrological Simulation Program-FORTRAN), SWAT, and SWMM models. More specifically, climate change scenarios can be established with CAT through modifying the historical temperature and precipitation data to reflect the possible future changes (US-EPA, 2009). However, a thorough literature search revealed that very few study has been devoted to using CAT for analyzing climate change impacts on hydrological processes (Zhou et al., 2017) , and no effort has been currently made to analyze surface water quality using CAT.
The goal of this study was to apply CAT to project future climate variability impacts on nutrient load for local watersheds. Specific objectives of this study were to: (1) develop a site-specific BASINS-HSPF model using the Lower Yazoo River Watershed (LYRW), a local watershed in Mississippi, USA as a case study; (2) calibrate and validate the model with field measured data; and (3) apply the resulted model in conjunction with CAT to assess stream discharge and nitrate-nitrogen (NO 3 -N) and orthophosphate (PO 4 ) loads in the LYRW as affected by potential air temperature and rainfall variations due to climate change.
Materials and methods

Study site
The LYRW is located within four Mississippi counties (Sharkey, Issaquena, Yazoo and Warren) south of Yazoo River Basin (YRB), Mississippi with an area of 618 km 2 (Fig. 1a) . This watershed consists of 61% forest land and 31% agriculture land with soil types of sand, loam, and clay, and is a highly productive agricultural area known for its cotton, corn, soybeans, rice, and catfish (MDEQ, 2008) . Selection of this watershed was based on the following two reasons: (1) there are field measured data available for model calibration and validation, and (2) this watershed is small and is difficult to use the low spatial-temporal resolution climate scenario datasets from the GCMs, RCMs, and CMIP5.
Surface water pollution within the LYRW includes excess nutrients and sediments, which are the results of storm water runoff, discharge from ditches and creeks, aquatic weed control, and atmospheric deposition (Nett et al., 2004; Shields et al., 2011; Ouyang et al., 2013) . The degradation of water quality has resulted in altered species composition and decreased the overall health of aquatic communities in the LYRW (Ouyang et al., 2015) .
CAT description
Although an elaborate description of the BASINS and HSPF models is not necessary because they are the widely used watershed models in the world, a moderate description of the CAT model is, however, warranted because the model is not yet common in the literature. CAT is basically used to adjust historical precipitation and air temperature time series input data to create climate change scenarios for the HSPF, SWAT, or SWMM model. For precipitation, CAT can be used to modify all values (daily or hourly) by a specified constant or factor, the values within a selected period (month or season) of every year, and all events within a specified event class. Precipitation events can also be randomly added or removed to represent changes in precipitation event frequency. For air temperature, CAT can be employed to modify full historical records and regenerate evapotranspiration (ET) record, add or subtract a constant or factor to a specified season and regenerate ET, and increase or decrease values occurring within a specified time period (years) and within the full record by a specified constant or factor. The standard output files of HSPF, SWAT, or SWMM simulations can be saved for later analysis. Detailed description of the CAT model can be found in its user's manual (EPA, 2009) . It should be pointed out that CAT is a tool for modifying model inputs and saving model outputs and is very similar to a pre-and post-processor. CAT does not perform downscale or disaggregation of input data.
HSPF model and data acquisition
Procedures in developing a HSPF model within BASINS include: (1) Watershed delineation. This process requires to establish a digital elevation model (DEM), create the stream networks in shape files, and generate watershed inlets or outlets using the BASINS watershed delineation tool. (2) Land use and soil type determination. This was accomplished by using the land use and soil classification tools in BASINS. (3) Mathematical description of the watershed processes and preparation of input meteorological and hydrological time series data (Bicknell et al., 2001) .
HSPF model is a lumped parameter model with a modular structure. Three modules are used in this study. The PERLAND modular is for pervious land segments over which an appreciable amount of water infiltrates into the ground. The IMPLND modular is for impervious land segments over which infiltration are negligible, such as paved urban surfaces. The RCHRES modular is for the processes occurring in water bodies like streams and lakes. These modules have several sub-modules dealing with the hydrological processes, biological and chemical reactions, ET, soil water storage, and water quality. Detailed information about the structure and functioning of these modules can be found in Bicknell et al. (2001) . Fig. 1b shows the HSPF model for the LYRW developed in this study. We have used the similar approaches previously (Ouyang et al., , 2015 .
Major input data used in this study included land use, soil type, topography, precipitation, air temperature, solar radiation, and discharge. They are from the National Hydrography Dataset, US Geologic Survey (USGS) National Water Information System, and the 2001 National Land Cover Data. These data can be downloaded directly from the Metadata Section of BASINS. The resolution of DEM for this model was 30 m and the precipitation, air temperature, solar radiation, and simulation time step were in hourly intervals.
HSPF calibration and validation
A model calibration is to modify input parameter values within an acceptable range to have a good fit between the field observations and the model simulations, whereas a model validation is to verify the calibrated model by comparing the field observations and the model predictions without changing any input parameter values. In this study, the stream discharge as well as the NO 3 -N and PO 4 concentrations from the HSPF model were used for model calibration and validation. The field observed daily discharge and concentration data from 2000 to 2005 were used for model calibration, whereas an independent set of field observed daily discharge and concentration data from 2006 to 2009 were employed for model validation. A similar approach was used previously for the same watershed (Ouyang et al., , 2015 Parajuli and Ouyang, 2013) except that more field measured data and statistical measures were used in this study to calibrate and validate the HSPF model. Fig. 2 shows the observed and predicted daily stream discharges as well as NO 3 -N and PO 4 concentrations (left-hand-side) for the simulation period from January 1, 2000 to December 31, 2005. As the values of R 2 and NSE (Nash-Sutcliffe Efficiency) were, respectively, 0.69 and 0.68 for daily stream discharge, 0.89 and 0.58 for daily NO 3 -N concentration, and 0.88 and 0.51 for daily PO 4 concentration, we concluded that good agreements were gained between the model predictions and the field observations during model calibration. The goodness-of-fit was further estimated graphically by comparing the peaks and valleys of daily discharge and concentrations as shown on the right-hand-side of Fig. 2 concentrations, shown on the right-hand-side of Fig. 3 , further confirmed that the model was reasonably validated.
Simulation scenarios
To estimate the impacts of potential future rainfall and air temperature variations on NO 3 -N and PO 4 loads in the LYRW, four simulation scenarios were chosen in this study. Comparison of simulation results among these four scenarios allowed us to evaluate the potential impacts of future air temperature and rainfall variations due to climate change upon the daily and annual stream discharge and NO 3 -N and PO 4 loads.
The first scenario (base scenario) was chosen to predict daily and annual NO 3 -N and PO 4 loads with historical air temperature and rainfall data over a 10-year simulation period from 2000 to 2009 with an hourly time step. The input data used in this scenario were the same as those used for model validation above. More specifically, the meteorological data such as rainfall rate, air temperature, relative humidity, and solar radiation are the measured hourly data at the LYRW. CAT was not used for this base scenario because we did not modify the meteorological data.
The second scenario was the same as the first scenario except that the rainfall rates during the 10-year simulation period were increased by 20% from the historical data at an increment of 5% for each run (i.e., a total of four simulation runs). This was accomplished through the following steps (Fig. 1c): (1) open the CAT from "Analysis" toolbar in the BASINS program, (2) open the Based Model file "CAT2017.uci" for HSPF model and type the New Model file "Rainnew", (3) click "Add" to create the new rainfall input data. The phrase "Rain-new multiple from 1 to 1.2 step 0.05" means that the original historical rainfall data for the entire simulation period were increased to 20% at the interval of 5%. Detailed instructions on how to set up a CAT modeling scenario are beyond the scope of this study but can be found in the CAT user manual (EPA, 2009 ). This second scenario was chosen to somewhat reflect the future rainfall trend because the amount of rainfall in Mississippi tended to increase over the past 100 years based on weather records.
The third scenario was the same as the first scenario except that the air temperature and rainfall rate were increased simultaneously. More specifically, when the air temperature increased by 1.0°C from the historical data, the rainfall rate was assumed to increase by 10% from its historical data, whereas when the air temperature increased by 2.0°C from the historical data, the rainfall rate was presumed to increase by 20% from its historical data. Although it is a general consensus that an increase in air temperature would couple with an increase in rainfall rate in sub-tropical and tropical regions (IPCC, 2012), we do not know exactly how much the rainfall rate would increase when the air temperature increases by 1 or 2°C for this local watershed. Therefore, this scenario was chosen to estimate the "what-if" conditions regarding the potential air temperature increase.
The fourth scenario was somewhat complicated, and was the same as the first scenario except that the extreme rainfall events were added to the historical data in summer months (i.e., June, July, and August). In Mississippi, summer is the crop growth and harvesting season, and extreme rainfall events are harmful to crop productions and stream water quality. Understand these "what-if" conditions would provide useful information to farmers and water resources managers. The extreme rainfall events were established using the CAT as follows: increased the rainfall rate by 10% from the historical rainfall data in summer of each year and checked to see if the total volume of the rain water (after increase) for that summer exceeded 10% of the total volume of historical rain water. If this is true, then the rainfall rate for that summer was increased to 20% and was used as an extreme rainfall event for simulations. Similar set up can be found in the CAT user manual and interested readers are recommended to consult the manual for details.
Results and discussion
Rainfall impact
Daily changes in rainfall rate, stream discharge, and NO 3 -N and PO 4 concentrations at the rainfall rates increased by 0 (base), 10, and 20% over a simulation period from 2000 to 2009 in the LYRW are shown in Fig. 4 (noted that simulation results at 5 and 15% increases in rainfall rate are not shown for better graphical clarity). Overall, the peaks of the stream discharge (Fig. 4b) related very well to those of rainfall (Fig. 4a) despite the increase in stream discharge was not proportional to the increase in rainfall rate. For instance, the daily discharge on May 14, 2008 was 77,000 m 3 /s when the rainfall rate was unchanged (base scenario) but was 88,700 m 3 /s when the rainfall rate increased by 10% (Fig. 4b) . In other words, an increase in rainfall rate by 10% increased the stream discharge by 15.2%. This occurred because the daily stream discharge depended not only on rainfall rate but also on watershed hydrogeological conditions. Generally, the steeper slope, narrower stream channel, larger drainage area, and lesser tree and grass covered land would generate higher stream discharge.
In contrast, the daily NO 3 -N concentration in general decreased as the rainfall rate increased (Fig. 4c) . For example, the daily NO 3 -N concentrations were 0.49, 0.43, and 0.37 mg/L, respectively, as the rainfall rate increased by 0 (base), 10, and 20% on May 14, 2008. It was assumed that no additional sources of N were added to the watershed during the entire period of simulation from 2000 to 2009 in this study. Therefore, the decrease in daily NO 3 -N concentration as the rainfall rate increases could be attributed to the dilution effect. The more rainwater was added, the lower the NO 3 -N concentration was in the stream. Mixed results were obtained for the PO 4 concentration in the stream as the rainfall rate increased. That is, as the rainfall rate increased, the PO 4 concentrations in the stream increased for some dates, decreased for other dates, and were unchanged for the rest of the dates (Fig. 4d) . For instance, the daily PO 4 concentrations were 0.0594, 0.0694, and 0.0822 mg/L, respectively, as the rainfall rate increased by 0 (base), 10, and 20% on August 20, 2003 but were 0.025, 0.0245, and 0.0241 mg/L, respectively, as the rainfall rate increased by the same percentage levels on October 19, 2007. The daily PO 4 concentration was unchanged (0.012 mg/L) when the rainfall rate increased by 0 (base), 10, and 20% on June 28, 2005. These mixed results occurred likely due to dilution and desorption of PO 4 as the rainfall rate increased. Unlike the case of NO 3 -N which has little adsorption in the soil because of its negative charge, desorption of PO 4 from the soil happens when the rainwater wets the soil. Overall, the dilution reduced while desorption released PO 4 into the stream.
Annual stream discharge and NO 3 -N and PO 4 loads from the LYRW at the rainfall rates increased by 0 (base), 10, and 20% are shown in Fig. 5 . It is apparent that an increase in rainfall rate increased the annual stream discharge. As an example, the 10 and 20% increases in rainfall rate from the historical data increased, respectively, the annual stream discharge by 12.2 and 24.7% in 2000 (Fig. 5a) . This was so Y. Ouyang et al. Journal of Hydrology 563 (2018) 363-371 because the increase in rainfall rate enhanced surface runoff and added more water for stream discharge. Analogous to the case of stream discharge, the annual NO 3 -N and PO 4 loads increased as the rainfall rate increased ( Fig. 5b and c) . A 10% increase in rainfall rate increased the NO 3 -N and PO 4 loads in 2000 by 9.1 and 12.2%, respectively. This occurred because more volume of water containing the NO 3 -N and PO 4 masses discharged out of watershed outlet as the rainfall rate increased. Over a 10-year simulation period, the 10 and 20% increases in rainfall rate, respectively, increased stream discharge by 11 and 22%, NO 3 -N load by 9.1% and 18%, and PO 4 load by 12% and 24%. Therefore, a potential future wet climate could have discernable impacts on stream discharge and NO 3 -N and PO 4 loads at the LYRW watershed. Efforts should be given to mitigate discharge and nutrient loads in the streams at this watershed.
Impacts of coupled air temperature and rainfall
Annual changes in stream discharge and NO 3 -N and PO 4 loads for the following three conditions, (1) the base case, (2) increased air temperature by 1.0°C and rainfall rate by 10%, and (3) increased air temperature by 2.0°C and rainfall rate by 20% (Scenario 3), over a simulation period from 2000 to 2009 in the LYRW are shown in Fig. 6 . An 11% increase in annual stream discharge was found when the air temperature increased by 1.0°C and the rainfall rate increased by 10% (Fig. 6a ) as compared to a 12.2% increase in annual stream discharge when only the rainfall rate increased by 10% (Scenario 2 and Fig. 5a ). This occurred because of more evapotranspiration (ET) loss of water in the LYRW due to an increase in air temperature, which reduced surface water runoff and soil water seepage into the streams. Simulation results further revealed that there was 19% increases in annual stream discharge when the air temperature increased by 2.0°C and the rainfall rate increased by 20%. Results suggested that a two-fold increase in air temperature and rainfall rate did not increase the annual stream discharge by two times (rather than 19%/11% = 1.7 times). This was because a two-fold increase in air temperature would enhance ET loss of water.
Analogous to the case of the annual stream discharge, changes in annual NO 3 -N and PO 4 loads were significant as the air temperature and rainfall rate increased (Fig. 6b and c) . More specifically, there were 12 and 14% increases in annual NO 3 -N and PO 4 loads, respectively, when increasing the air temperature by 1.0°C and rainfall rate by 10%, while there were 15 and 18% increases in annual NO 3 -N and PO 4 loads, respectively, when increasing the air temperature by 2.0°C and rainfall rate by 20%. Apparently, the increases in both air temperature and rainfall rate had discernable impacts on NO 3 -N and PO 4 loads.
The 10-year stream discharge and NO 3 -N and PO 4 loads are shown in Fig. 7 . Overall, the decadal stream discharge and NO 3 -N and PO 4 loads increased as the air temperature and rainfall rate increased. There were 8, 12, and 14% increases in annual discharge, NO 3 -N load, and PO 4 load, respectively, when increasing the air temperature by 1.0°C and rainfall rate by 10%, while there were 15, 20, and 26% increases in annual discharge, NO 3 -N load, and PO 4 load, respectively, when increasing the air temperature by 2.0°C and rainfall rate by 20%.
Extreme event impact
Monthly changes in stream discharge and NO 3 -N and PO 4 loads for extreme rainfall events over the 10-year simulation period from 2000 to Y. Ouyang et al. Journal of Hydrology 563 (2018) 363-371 2009 at the LYRW are shown in Fig. 8 . The extreme rainfall events were added by modifying the historical data in summer months (i.e., June, July, and August) each year if the rainwater volume to be added exceeded 10% of rainwater volume for that summer. If this condition was true, the rainfall rate for that summer was modified to increase by 20% from the historical data at an increment of 10% for each run. These extreme rainfall events were calculated and created using the CAT. Simulation results showed that there were four times, namely the summers of 2001, 2004, 2008 and 2009 , when the extreme rainfall events occurred with dramatic changes in monthly stream discharge and NO 3 -N and PO 4 loads (Fig. 8 ). There were, respectively, 36 and 72% increases in monthly stream discharge, 31 and 63% increases in monthly NO 3 -N load, and 41 and 86% increases in monthly PO 4 load as the rainfall rate increased by 10 and 20% when the extreme rainfall events occurred in June 2004 (Fig. 8a) . It is apparent that extreme rainfall events had tremendous impacts on stream discharge and nutrient load. This information is very important for local water resource managers, stakeholders, and farmers for adapting management practices to account for potential climate variability. With the help of CAT, such what-if questions can be easily answered. Results suggest that CAT is a useful tool for estimating climate change impacts on watershed hydrology and water quality.
It should be pointed out that the future climate scenario datasets created by GCMs and RCMs are not only in low spatial resolution but also in low temporal resolution. That is, these datasets are normally in monthly or annual interval. For most watershed models, a daily time step (e.g., SWAT) or hourly time step (e.g., HSPF) is required. To meet this time step requirement, the monthly precipitation and air temperature data are disaggregated and downscaled into daily or hourly data with great uncertainty and inaccuracy. For a local watershed, simulations using these downscale and disaggregate data as inputs may not be appropriate. Therefore, it would be a good idea to use the GCMs and RCMs climate scenario datasets to assess future climate change (c) Fig. 6 . Simulated annual stream discharge (a) and NO 3 -N (b) and PO 4 (c) loads as the air temperature and rainfall rate increased by 1.0°C and 10% as well as 2.0°C and 20%, respectively.
impacts on hydrological processes and water quality for global and regional river basins, and to use CAT to create climate scenario datasets for the same assessment for local watersheds.
Summary and conclusions
The Climate Assessment Tool (CAT) along with HSPF model in the BASINS modeling system was applied to assess the impact of potential rainfall and air temperature variations due to climate change upon hydrological processes and water quality in the LYRW, Mississippi. In addition to the base simulation scenario, three more simulation scenarios were chosen to investigate impacts of increasing air temperature and increasing rainfall rate and/or extreme events upon NO 3 -N and PO 4 loads in the LYRW.
In general, the daily NO 3 -N concentration decreased as the rainfall rate increased when no additional source of N was added to the watershed. Such a decrease was attributed to the dilution effect as the rainfall rate increased. In contrast, the daily PO 4 concentration could increase or decrease as the rainfall rate increased, and this occurred because of the dilution and desorption of PO 4 . The dilution reduced while desorption released PO 4 into the stream. A potential future wet climate could have discernable impacts on stream discharge and NO 3 -N and PO 4 loads in the LYRW watershed. The increases in both air temperature and rainfall rate had very significant impacts on NO 3 -N and PO 4 loads. Extreme rainfall events had tremendous impacts on stream discharge and NO 3 -N and PO 4 loads. This information is very important for local water resource managers, stakeholders, and farmers for adapting management practices to account for potential climate variability.
For local watersheds, simulations using the GCMs and RCMs climate scenario datasets as inputs may not be appropriate because they have low spatiotemporal resolution and are not flexible. With the help of CAT, such obstacles could be circumvented. Results suggest that CAT is a useful tool for estimating climate change impacts on local watersheds, which can be extended to other watersheds in the larger scale based on availability of data. 
